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Abstract 
This work was aimed to characterize ash-rich adsorbent derived from palm oil mill effluent sludge (POME sludge) 
for heavy metals removal from aqueous solution. The adsorbents were characterized according to specific surface 
area, surface morphology and elemental compositions. Sludge adsorbent exhibits high adsorption capacity for both 
copper(II) and lead(II), while its ash derivative demonstrates comparable removal of lead(II). Results indicate the 
important role of sludge ash in the adsorption of heavy metals. The study suggests the potential use of ash-rich 
POME sludge for industrial wastewater treatment. 
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1. Introduction 
Heavy metals-contaminated water through the discharge of industrial effluent is one of the most 
serious environmental problems nowadays  because they are very toxic even at low concentration. 
Copper(II) and lead(II), for example can cause heart disease, brain disorder, insomnia, anemia, and impa ir 
to the reproductive system.  
The global price  for activated carbon, i.e ., the commonly used adsorbent in adsorption, is forecasted to 
increase due to increasing demand by nearly 5-10% annually. One alternative to overcome this problem is 
by exploit ing abundantly local resources into adsorbent [1-2]. One of the potential candidates in Malaysia 
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is palm oil mill effluent sludge (POME sludge), which is a solid residue of anaerobic treatment at  the 
palm o il milling industry. The sludge produces bad odours and is a source of s urface and ground pollution. 
Thus, a possible ‘use waste to treat waste’ approach towards sustainable environment is by convertin g 
POME sludge into adsorbent [2-3]. As yet, its sorption capacity is still widely unexplored [2]. 
Thus, our present work was aimed to evaluate the adsorption of copper(II) and lead(II) onto KOH-
activated POME sludge adsorbent. The role of ash of sludge adsorbent in the removal heavy metals was 
also evaluated, and possible mechanisms governing the adsorption were discussed. 
2. Materials and Methods 
2.1. Preparation of adsorbent 
POME sludge was obtained from the final anaerobic treatment pond at Felda Taib Andak palm o il mill, 
Johor state of Malaysia. The dry  sludge was impregnated with KOH solution at a rat io (chemical agent to 
sludge) of 0.25. One-step chemical act ivation was performed  in  furnace at  500°C for 1h. The resultant 
adsorbent, hereafter referred  as SA, was soaked overnight in 5M HCl to remove surface impurities and 
leach-able minerals, and then washed in distilled water to a constant pH. The adsorbent was also 
subjected to direct pyrolysis at 850°C for 2h to obtain its ash derivative, designated as ASA.  
2.2. Characterization of adsorbent 
Specific surface area was measured at a liqu id nitrogen temperature of 77K by surface area analyzer 
(Pulse ChemiSorb 2705, Micrometrics). Surface morphology and elemental composition were obtained 
by scanning electron microscopy coupled with EDX (FESEM-EDX, Gemini SUPRA 35VP).  
2.3. Adsorption of heavy metals 
Heavy metal solution was prepared by dissolving desired weight of CuCl2·2H2O or PbCl2 in d istilled 
water. Batch adsorption was carried out by adding 0.5g adsorbent in 50mL heavy metal solution of 
known concentration, and the mixture  was allowed to equilibrate at room temperature for 72h.  
Concentration was measured using atomic absorption spectroscopy (AAnalyst 400, Perkin Elmer).  
3. Results and Discussion 
3.1. Characteristics of adsorbent 
Table 1 shows the properties of SA and ASA. KOH-act ivation increases the surface area of sludge 
from 8.7 to 68m2/g with 69% y ield. However, the surface area deceases to 7.3m2/g upon pyrolysis. SA 
reveals high ash content of 71%, where the main oxides are Al, Si, Mg and Fe.   
Table 1. Properties of sludge adsorbent and its ash derivative 
Adsorbent Surface area (m2/g) Ash content (%) 
Elemental composition (%) 
Mg Al Si S K Ca Fe Cu 
SA 68 71 12.5 25.2 24.1 0.6 1.9 0.6 5.9 0.1 
ASA 7.3 100 16.8 32.5 24.5 2.5 1.8 5.6 16.0 0.4 
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Fig. 1 displays the morphology of SA and ASA. Compared to ASA, the rough and dense surface of SA 
indicates the presence of organic combustibles that partly covering the ash. It also suggests that ash is 
evenly distributed in the material matrix.  
 
  
Fig. 1. SEM images of (a) SA and; (b) ASA 
3.2. Removal of lead(II) and copper(II) 
Fig. 2 shows the uptake capacity of lead(II) and copper(II) onto adsorbents. In general, SA exh ibits a 
higher removal of heavy metals than ASA. High surface area could offer more interaction probabilities 
between metal aqua ions and active sites. In addition, lead(II) uptake at lower equilibrium concentration is  
enhanced with increasing surface area. It is obvious that ASA also displays considerable role in the 
removal of lead(II), while copper(II) uptake is observed to be surface textural sensitive. Removal of 
heavy metals onto ASA may arise from the interaction between metal aqua ions and oxides of ash 
constituents. Zaini and co-workers [2] reported that POME sludge comprises of 84% Mg and 0.04% Al in 
leached acid  analysis. However, only s mall non-stoichiometric-equivalent leached Mg at  almost 
consistent pH was recorded at equilibrium, suggesting that ion-exchange is not the removal mechanism.   
   
0.00
0.01
0.02
0.03
0.0 0.2 0.4 0.6 0.8 1.0
Equilibrium concentration (mM)
Le
ad
(I
I)
 u
pt
ak
e 
(m
m
ol
/g
)
SA
ASA
q
 
0.00
0.01
0.02
0.03
0.04
0.05
0.0 0.2 0.4 0.6 0.8 1.0
Equilibrium concentration (mM)
C
op
pe
r(
II
) u
pt
ak
e 
(m
m
ol
/g
)
SA
ASA
 
Fig. 2. Removal of (a) lead(II) and; (b) copper(II) onto adsorbents 
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Langmuir and Freundlich  models were used to fit the adsorption data, and their constants are tabulated in 
Table 2. Adsorption of heavy metals could be adequately represented by Langmuir model, i.e. , monolayer 
coverage on homogeneous surface sites. High specific surface area could be the reason for greater 
adsorption affinity, b towards heavy metals. Maximum uptake, Q o f heavy metals by SA is  somewhat 
comparable with that of commercial F400 activated carbon [1]. Also, it is interesting to note that sludge 
ash plays some contributing role in the adsorption of water pollutants [3].  
Table 2. Langmuir and Freundlich constants for lead(II) and copper(II) removal onto adsorbents 
Heavy 
metal Adsorbent  
Langmuir model  Freundlich model 
Q b SSE R2  KF N SSE R2 
Lead(II) 
SA 0.0280 46.9 2.4×10-5 0.946  0.0325 4.59 1.4×10-5 0.687 
ASA 0.0276 7.53 1.8×10-5 0.893  0.0253 3.30 4.1×10-5 0.727 
Copper(II) 
SA 0.0469 198 2.2×10-4 0.902  0.0569 4.40 2.4×10-4 0.890 
ASA 0.0196 160 2.3×10-5 0.874  0.0209 4.68 2.4×10-5 0.870 
4. Conclusion 
Adsorption of lead(II) and copper(II) onto ash-rich sludge adsorbent is mainly driven by its surface 
texture. High surface area promotes stronger affin ity towards heavy metals. Oxides of ash constituents 
could play a considerable ro le in the removal of lead(II) and copper(II). Ash-rich sludge is a promising 
adsorbent candidate for wastewater laden with heavy metals. 
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